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TECHNICAL NOTE
Uremia in rats with normal kidneys: A model for the study of
renal function in a uremic environment
DIMITRI0s S. EMMANOUEL, MARSHALL D. LINDHEIMER and ADRIAN I. KATZ
Depart inents of Medicine and Obsteirics and Gynecology, Division of Biological Sciences, The University of Chicago, Pritzker
School of Medicine, Chicago, Illinois
Some of the alterations in renal excretory and en-
docrine function present in kidney failure are due to
the loss of renal mass, while others may be caused by
the uremic milieu per se. A model in which struc-
turally intact kidneys are exposed to a uremic envi-
ronment would help to distinguish between these
pathogenetic mechanisms. In this paper we describe
such a model in rats made uremic by the diversion of
urine from the bladder to the superior vena cava.
Experiments were performed on male rats of the
Sprague-Dawley strain, weighing 180 to 350g. Under
anesthesia (0.05 ml i.m. of InnovarVet®, Pitman-
Moore, Inc., Washington Crossing, NJ: contains 0.4
mg of fentanyl citrate and 20 mg of droperidol per
ml), the right external jugular vein was cannulated
with a 5-mm long catheter of 0.5 mm inner and
0.94 mm outer diameter (Silastic°, medical grade
tubing, Dow Corning Corp., Midland, MI). The
intravascular catheter portion had multiple per-
forations, while its proximal end was secured at the
vessel insertion site through ligatures tied over a short
23-gauge stainless steel cannula segment. The remain-
ing length of the venous conduit (Silastic® tubing, 1.0
mm I.D. and 2.16 mm O.D.) was looped under the
mandibular angle, anchored to the salivary gland by
ligatures tied over polyethylene sleeves, carried to the
back subcutaneously along the left lateral neck region
and exteriorized through a small midscapular skin
incision. The end of this catheter was equipped with
a one-way valve (Hakim miniaturized ball-in-cone
ventricular shunt valve, Model 902-012, Cordis
Corp., Miami, FL), which insured unidirectional
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urine flow, prevented hydronephrosis (opening pres-
sure, 5 to 12 mm 1120), backflux of blood and clott-
ing of the conduit. Following ligation and trans-
section of the membranous urethra portion, the
bladder was cannulated with a flared PE-60 tubing
connected to a catheter (Silastic®, 0,76 mm I.D. and
1.65 mm O.D.), which was tunneled under the lateral
abdominal skin and exteriorized posteriorly approxi-
mately 3 cm caudal to the skin entry of the venous
catheter. The tip of the tail was cut for subsequent
blood sampling. In order to avoid air embolization or
clotting, the ends of the conduit remained uncon-
nected during surgery until free urine flow was estab-
lished and estimated fluid losses were replaced
through the venous catheter with isotonic saline to a
total volume equivalent to 1.5 to 2.0% of body wt.
The entire conduit is illustrated in Figure 1.
Since preliminary experiments indicated that
uremic animals had little spontaneous food and water
intake, these were withheld. Renal clearance experi-
ments were performed in unanesthetized animals 24
to 72 hr following urinary diversion. Determina-
tions of either unlabelled or methoxy-[3H] inulin,
urea, sodium, potassium and urine osmolality were
performed as previously described from this labora-
tory Ill. After the i.v. injection of an appropriate
inulin priming dose, the vesicojugular shunt was re-
connected for at least 45 mm; thereafter, the conduit
was opened and timed urine samples were collected
and blood samples obtained from the cut end of the
tail. The urine collected was replaced intravenously
with a solution of inulin in 2/3 Ringer's lactate. In
preliminary experiments animals were studied while
restrained on differential balances and infusion rates
altered to keep weight constant. Based on these mea-
surements, in later studies the infusate was delivered
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Fig. 1. The vesicojugular conduit in place. A miniaturized one-way
valve insures unidirectional urine flow and prevents backflow of
blood and clotting of the conduit.
at a rate of 2.5 mi/mm/kg of body wt. In some urine-
autoinfused rats, the vesicojugular conduit was
opened daily for a period of 2 hr and urinary output
was replaced with 2/3 Ringer's lactate solution. Dur-
ing this "exchange infusion" procedure, the animals'
external fluid balances were kept within 1% of body
wt by adjusting infusion rates according to frequent
weight readings.
Twenty-four hours of urine-autoinfusion (Table 1)
caused marked azotemia (blood urea nitrogen [BUN1
Table I. Renal function 24 hr after institution of urine auto-
infusiona,
V X 100 CNa X 100
C1 V CNa GFR GFR UaV UKV
!2Eq/min/kg
mI/mm/kg of body wt ml/mmn/IOOmlGFR of body WI
8.47 2.88 1.84 34.2 22.0 277.6 67.8
+0.22 +2.5 +1.7 +7.1
a = inulin clearance; V = urine volume; CNa = sodium
VX100 . . CXl00clearance - = fractional urine volume; =frac-GFR GFR
tional sodium excretion; UNaV = sodium excretion; U5V potas-
sium excretion. Data are from 14 animals.
b In our laboratory, control values in hydropenic animals average:
C1 : 8.3 mI/mm/kg; V : 0.02 mI/mm/kg; CNa : 0.01 mI/mm/kg;
U59V : l.2sEq/min/kg; UkV: 3.7sEq/min/kg; V X 100 andG Xi00 GFR
average 0.2 and 0.1 ml/min/l00 ml GFR, respectively.
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Fig. 2. Effects of chronic urine-autoinfusion and daily 2-hr exchange
infusions (dialysis') on animals' weight. hematocrit, and blood urea
nitrogen concentration. • before, 0 = after dialysis.
concentration: 205 11 mg/lO0 ml) and moderate
acidosis (pH: 7.30 + 0.1). (Systemic pH was deter-
mined from blood aspirated directly from the
warmed tail of animals with a pH/gas analyzer,
model 113-51, Instrumentation Laboratory, Inc.,
Watertown, MA), However, the glomerular filtra-
tion rate (GFR) of experimental animals (8.47 0.31
ml/min/kg of body wt) was not different from that
measured in sham operated ratsa (8.27 + 0.31
mI/mm/kg of body wt), which had normal BUN
levels (23 + 4 mg/100 ml). Even on the third day
following urine diversion, GFR remained relatively
unaffected, averaging 7.74 + 0.90 mI/mm/kg of body
wt. Urine-autoinfused rats with normal GFR ex-
creted extremely high urine volumes, which occasion-
ally exceeded 5 ml/min/kg of body wt; absolute and
fractional sodium excretion were also strikingly in-
creased, as these animals excreted one third of their
filtered volume and almost one fourth of their filtered
sodium load. Urine osmolality was slightly less than
the calculated plasma osmolality in the majority of
animals.
Usefulness of this preparation as a model of more
protracted uremia was evaluated in animals kept
alive for up to four days after the urine autoinfusion
was begun. The vesicojugular shunt was opened daily
for a period of two hours and the volume of urine
excreted was replaced intravenously with 2/3
a The latter group of animals underwent a sham operation under
Innovar' anesthesia, in which catheter placement was omitted.
GFR was measured in these animals 24 hr later, under hydro-
penic conditions, either during mactin anesthesia or in the un.
anesthetized state following catheter placement under light ether
anesthesia. Since the data obtained in these two groups of control
animals did not differ, they have been pooled and are presented
together.
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Ringer's lactate solution. This procedure decreased
BUN concentrations substantially (Fig. 2) and, in
addition, partially corrected the acidosis (48 hr after
urinary diversion, blood pH was 7.28 0.04 before
and 7.34 0.03 after the infusion). Body wt and
hematocrit decreased progressively over the four days
of study. The weight loss was probably due mainly to
caloric deprivation, since inulin distribution spaces
estimated postoperatively (24.4 * 0.7%) and 24 or 72
hr later (26.5 0.7% and 25.4 2.1%, respectively)
did not differ significantly. The causes of' the anemia
are multiple, not the least of which being the frequent
blood sampling during the study.
Figure 3 illustrates representative kidney sections
obtained 72 to 96 hr following urinary diversion from
animals with normal GFR. It is apparent that renal
morphology was unaffected by the method of urine-
autoinfusion employed and, in particular, that no
evidence for hydronephrosis was present.
Excretory and endocrine renal function under
uremic conditions have been studied after subtotal
(5/6) nephrectomy [2,3], pyelonephritis, and ami-
nonucleoside nephropathy [4], but all these models
are characterized either by marked reduction of func-
tioning renal parenchyma or by gross renal structural
alterations. The study of the role of uremia per se in
the pathogenesis of renal functional alterations asso-
ciated with kidney failure requires a uremic animal
model with intact renal parenchyma. Swenson et al
succeeded in producing acute uremia in the dog by
implantation of the ureters in the inferior vena cava
[5], whereas Harris and Yarger, utilizing a continu-
ous urine reinfusion technique in the rat, were able to
study excretory function for up to 24 hr [6]. However,
both these approaches have limitations: the first does
not allow study of excretory function, while the re-
infusion technique requires a servo-activated infusion
system. In the present paper we describe a uremic
animal model with intact renal parenchyma which is
without such limitations. Glomerular filtration rates
remained essentially unchanged and the renal mor-
phology of animals with normal GFR was unaffected
by the technique of urine-autoinfusion even when
studied four days after urinary diversion (Fig. 3).
The accessibility of the vesicojugular conduit de-
scribed in the present paper allows serial determina-
tions of renal excretory function in the unanesthe-
tized state and, in addition, the employment of an
exchange infusion technique which permits control of
azotemia and acidosis. Since bilaterally nephrecto-
mized or ureteral ligated rats seldom survive beyond
the second day after surgery [7], this technique ap-
pears to prolong survival significantly and can be
considered, therefore, to be equivalent to dialysis. It
should be noted that the animals were starved during
this period, and it is probable that alimentation with
either essential amino acids or their keto-analogs [8]
or addition of sorbents (oxidized starch or charcoal)
to the diet could further prolong survival [7]. The
same result could probably be achieved by extending
the daily period of "dialysis."
The pathogenesis of the astonishing diuresis ob-
served in urine autoinfused animals is unclear. Since
GFR and plasma sodium concentrations(l49.5 1.1
mEq/liter) were not different from control values,
this phenomenon is due to decreased tubular reab-
sorption of salt and water. It is of interest, however,
that body wt showed a progressive decline, and inulin
and Evans blue distribution spaces 24 hr following
urinary diversion (26.5 0.7% and 4.89 0.29
ml/l00 g) did not differ significantly from those mea-
sured in animals nephrectomized 24 hr previously
Fig. 3. Renal morphology in rats subjected to urine autoinfusion for 96 hr. Note the absence of hydronephrosis (A) and the normal histologic
appearance of the renal cortex (B) and papilla (C). (A) = whole kidney transverse and sagittal sections, HE X 2.5, scale in mm (B) and
(C) PAS X 80.
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(24.6 + 0.4% and 4.41 0.17 ml/l00 g), suggesting
that massive intravascular expansion is not the cause
of the diuresis. Harris and Yarger reported com-
parable urine and sodium excretion rates in urine-
reinfused rats [6,9] and postulated that retained nat-
riuretic factor(s) were at least partially responsible
for this phenomenon. Our observations are compat-
ible with this view, and the urine-autoinfused rat
appears to be a suitable model in which the existence
and nature of such factors can be tested during more
protracted uremia. In addition, this model offers the
possibility of evaluating the influence of the uremic
milieu on other excretory, metabolic, and endocrine
functions of the kidney [10].
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